Objective. The aim of the study was to compare the two approaches to chronic right ventricular pacing currently adopted in clinical practice: right ventricular apical (RVA) and non-RVA pacing. Background. Chronic RVA pacing is associated with an increased risk of atrial fibrillation, morbidity, and even mortality. Non-RVA pacing may yield more physiologic ventricular activation and provide potential long-term benefits and has recently been adopted as standard procedure at many implanting centers. Methods. The Right Pace study was a multicenter, prospective, single-blind, nonrandomized trial involving 437 patients indicated for dualchamber pacemaker implantation with a high percentage of RV pacing. Results. RV lead-tip target location was the apex or the interventricular septum. RVA (274) and non-RVA patients (163) did not differ in baseline characteristics. During a median followup of 19 months (25th-75th percentiles, 13-25), 17 patients died. The rates of the primary outcome of death due to any cause or hospitalization for heart failure were comparable between the groups (log-rank test, = 0.609), as were the rates of the composite of death due to any cause, hospitalization for heart failure, or an increase in left ventricular end-systolic volume ≥ 15% as compared with the baseline evaluation (secondary outcome, = 0.703). After central adjudication of X-rays, comparison between adjudicated RVA (239 patients) and non-RVA (170 patients) confirmed the absence of difference in the rates of primary ( = 0.402) and secondary ( = 0.941) outcome. Conclusions. In patients with indications for dual-chamber pacemaker who require a high percentage of ventricular stimulation, RVA or non-RVA pacing resulted in comparable outcomes. This study is registered with ClinicalTrials.gov (identifier: NCT01647490).
Introduction
Chronic right ventricular apical (RVA) pacing is associated with an increased risk of atrial fibrillation, morbidity, and even mortality [1] . Several studies have shown that acute apical pacing in subjects with normal left ventricular systolic function results in mechanical dyssynchrony and decreased systolic function [2, 3] .
Pacing at nonapical right ventricular (non-RVA) sites may yield more physiologic ventricular activation and less dyssynchrony and provide potential long-term benefits [4, 5] . Despite the lack of strong evidence, pacing at non-RVA sites has recently been adopted as standard procedure at many implanting centers [6] . However, major difficulties in placing the lead and accurately classifying [7] the final lead position have been described in the case of non-RVA pacing. Longterm outcomes are therefore unknown and potentially highly variable.
The aim of the Right Pace study was to compare the two approaches to chronic pacing of the right ventricle currently adopted in clinical practice: RVA and non-RVA pacing. In the present analysis, we compared the long-term outcome of right ventricular pacing according to the intended and actual lead position.
Methods

Study Design and Patients.
The Right Pace study was a multicenter, prospective, single-blind, nonrandomized trial. A detailed description of the rationale and methods of the study has been published elsewhere [8] . Patients were included if they were indicated for dual-chamber pacemaker implantation according to the current guidelines and required a high percentage of ventricular pacing. Patients were excluded from the study if they had a previously implanted cardiac device, a conventional indication for an implantable defibrillator or cardiac resynchronization therapy, permanent atrial fibrillation, or a life expectancy lower than 2 years. The study was approved by the Institutional Review Boards of the participating centers and all subjects provided written consent.
Patients meeting eligibility requirements underwent baseline evaluation, which included demographics and medical history, clinical examination, and 12-lead electrocardiogram. They then underwent implantation of a dual-chamber pacemaker with standard right atrial and right ventricular leads. The target location for the right ventricular lead tip was the apex or the interventricular septum, according to the clinical practice of the center. Indeed, investigators were divided on the basis of their prior experience of nonapical pacing-lead implantation and the clinical practice adopted in their centers. X-rays in the anteroposterior, right oblique, and left oblique projections (>30 ∘ ) were taken and stored. An echocardiographic evaluation was performed to assess the left ventricular dyssynchrony induced by right ventricular pacing. Dyssynchrony was detected by means of tissue Doppler imaging and measured as the delay between the septal and lateral peak systolic velocity curves (SLD). An SLD of 41 ms or more was defined as a significant left ventricular mechanical delay [9] . After discharge, clinic visits were scheduled every 6 months.
Endpoints.
The primary endpoint was the composite of death due to any cause or hospitalization for heart failure. The secondary endpoint was the composite of death due to any cause, hospitalization for heart failure, or an increase in left ventricular end-systolic volume of 15% or more as compared with the baseline evaluation. Additional endpoints were the first episode of atrial fibrillation documented during the follow-up period and the ventricular pacing parameters.
Analysis of Final Pacing Lead Tip
Position. X-rays and electrocardiograms were reviewed in independent core laboratories not directly involved in the implanting procedures. Lead position was adjudicated according to published criteria [7] .
Statistical Analysis.
All endpoints were initially analyzed as intention-to-treat, according to the lead site assigned at the implanting center. A predefined on-treatment analysis was also performed according to the final lead position, as determined by the lead adjudication committee. Descriptive statistics are reported as means ± SD for normally distributed continuous variables, or medians with 25th to 75th percentiles in the case of skewed distribution. Differences between mean data were compared by means of a -test for Gaussian variables. The Mann-Whitney U test and the Wilcoxon nonparametric test were used to compare non-Gaussian variables for independent and paired samples, respectively. Differences in proportions were compared by applying chi-square analysis or Fisher's exact test, as appropriate. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were computed by means of a Cox regression model, in which baseline predictors were considered as fixed covariates and the primary endpoints were considered as time-dependent covariates. We included in the multivariate Cox model any variable with < 0.05 on univariate analysis. A value < 0.05 was considered significant for all tests. All statistical analyses were performed by means of STATISTICA software, version 7.1 (StatSoft, Inc., Tulsa, OK, USA).
Results
Study Time-Lines and Population.
From June 2012 through September 2014, 437 patients referred to the study centers for pacemaker implantation met eligibility requirements and underwent baseline evaluation. Of these, 274 were referred to centers routinely performing standard apical positioning of the right ventricular lead, while in 163 patients the target location for the right ventricular lead tip was the interventricular septum, in accordance with the clinical practice adopted in the remaining centers. Demographic data and clinical parameters were similar between the study groups at the time of enrollment (Table 1) , except for a higher prevalence of diabetes in the non-RVA group. Moreover, the 2 study groups showed comparable levels of left ventricular dyssynchrony and QRS duration during spontaneous conduction and ventricular pacing. 45 (16) 39 (23) 0.054 AV block-second degree, (%) 65 (24) 52 (32) 0.062 Coronary artery disease, (%) 65 (24) 47 (29) 0.237 Myocardial infarction, (%) 28 (10) 21 (13) 
Adjudication of the Lead Tip
Position. X-rays were available for core laboratory adjudication of the lead position in 409 patients. Apical positioning of the right ventricular lead was not confirmed in 56 (20%) patients in the RVA group. Similarly, in 21 (16%) patients in the non-RVA group, the adjudicated pacing site was the apex. Therefore, the adjudicated RVA group numbered 239 patients and the adjudicated non-RVA group, 170 patients.
Effects on Primary and Secondary Endpoints.
Patients were followed up until December 2015. During a median follow-up of 19 months (25th to 75th percentiles, 13-25), 17 patients died (12 cardiac deaths and 5 noncardiac deaths). The rates of the primary outcome of death due to any cause or hospitalization for heart failure were comparable between groups ( Figure 1 ; log-rank test, HR: 1.30; 95% CI: 0.50 to 3.38; = 0.609), as were the rates of the composite of death due to any cause, hospitalization for heart failure, or an increase in left ventricular end-systolic volume of 15% or more as compared with the baseline evaluation (HR: 1.07; 95% CI: 0.77 to 1.48; = 0.703) . Comparison between the adjudicated RVA and adjudicated non-RVA groups confirmed the absence of difference in the rates of the primary (HR: 1.51; 95% CI: 0.60 to 3.76; = 0.402) and secondary outcome (HR: 0.99; 95% CI: 0.72 to 1.35; = 0.941). The pacing site, according to local or core laboratory assignment, did not show any association with outcomes on multivariate analysis (Table 2) . Only the baseline ejection fraction turned out to be an independent determinant of the primary outcome (HR: 0.94, CI: 0.90 to 0.98; = 0.002). Moreover, the risk of atrial fibrillation was comparable between groups. Figure 1 shows the Kaplan-Meier event-free curves regarding atrial fibrillation (log-rank test, HR: 1.30; 95% CI: 0.86 to 1.97; = 0.244).
Pacing Data.
No perioperative complication was reported by the investigators in both groups. During followup, 3 RV lead dislodgements were reported (1 in the RVA group and 2 in the non-RVA group). The pacing parameters were satisfactory in both groups at baseline and at the last observation, with pacing thresholds consistently below 1 V (Table 3) . Nonetheless, the threshold was slightly lower in the Apex group.
Discussion
The present study showed that, in patients with indications for a dual-chamber pacemaker and requiring a high percentage of ventricular stimulation, pacing of the right ventricle at apical or nonapical right ventricular sites resulted in comparable clinical outcomes over 2 years.
The incidence of death, hospitalization for heart failure, or progression of heart failure, as measured by a significant increase in left ventricular end-systolic volume, was similar Figure 1 : Kaplan-Meier estimate of time to death due to any cause or first hospitalization for heart failure (a), time to the composite of death due to any cause, hospitalization for heart failure, or a ≥15% increase in left ventricular end-systolic volume (b) and time to the first episode of documented atrial fibrillation (c). with standard RVA or alternative non-RVA positioning of the lead, in accordance with the clinical practice adopted in the centers.
Since the advent of intravenous leads, the apex has become the standard site for right ventricular lead implantation, as it ensures simple placement and greater lead stability and reliability. However, in subjects with normal left ventricular systolic function who require permanent pacing, RVA stimulation is associated with an increased risk of atrial fibrillation, morbidity, and even mortality [1] . These observations have raised questions regarding the appropriate pacing site.
Right ventricular septal placement has been proposed as an alternative approach for the safe implantation and possible easy extraction of pacemaker and implantable defibrillator leads [10, 11] . Moreover, a meta-analysis by Shimony et al. [4] suggested that non-RVA pacing might have beneficial effects on systolic function, though it also confirmed inconclusive results with respect to other outcome measures, such as exercise capacity, functional class, quality of life, and survival. More recently, Kaye et al. [12] compared traditional apical and septal pacing in patients with preserved baseline left ventricular function and found no significant lead positionrelated difference in systolic function over 2 years. Similarly, in patients who had undergone implantation of a defibrillator for cardiac resynchronization therapy, a non-RVA lead location yielded no benefit in terms of clinical outcome or echocardiographic response [13] .
Despite the lack of strong evidence in favor of nonapical pacing and the difficulty of placing the lead and accurately classifying [7] the final lead position, pacing at non-RVA sites seems to have become a standard procedure at many implanting centers. According to a recent survey of the European Heart Rhythm Association, the apex was the first option for right ventricular lead positioning only in 47% of the participating centers [6] . This finding is in line with those of the European cardiac resynchronization therapy survey [14] , which revealed that, also in the case of biventricular system implantation, the RVA position was adopted in no more than 74% of patients.
Therefore, the aim of the present study was to compare the effects of right ventricular pacing when the lead is positioned in the apex or at nonapical sites, according to the routine clinical practice of the participating centers. The investigators were divided on the basis of their prior experience of pacemaker implantation with apical or nonapical lead positioning, in order to reduce the bias related to the learning curve and to provide results applicable to routine clinical practice.
We demonstrated that the incidence of death, hospitalization for heart failure, or progression of heart failure over 2 years were similar with apical or non-RVA positioning of the lead. Therefore, we confirmed, in clinical practice, the negative results yielded by non-RVA pacing in the setting of a controlled clinical study [12] . We also confirmed the difficulty of placing the lead and classifying the final lead position, as agreement on pacing site classification between the implanting centers and subsequent central adjudication was only moderate. Nonetheless, we showed that the observed equivalence of RVA and non-RVA sites, in terms of outcome, could not be ascribed to inadequate lead positioning, as the analysis repeated after central reclassification of pacing sites confirmed the result.
The present findings extend our preliminary analysis of the acute echocardiographic effects of right ventricular pacing [15] . Indeed, we previously demonstrated that pacing of the RV at apical or nonapical sites resulted in increased intraventricular dyssynchrony of left ventricular contraction and that the degree of dyssynchrony induced was comparable between the pacing sites.
In the present study, about 50% of patients met the endpoint of heart failure progression at 2-year follow-up examination. A comparable rate of events was reported in patients with atrioventricular block, New York Heart Association (NYHA) class I, II, or III heart failure, and a left ventricular ejection fraction of 50% or less, enrolled in the Biventricular versus Right Ventricular Pacing in Heart Failure Patients with Atrioventricular Block (BLOCK HF) study [16] . However, in our population the baseline left ventricular ejection fraction was markedly higher than that reported in the BLOCK HF study (57% versus 40%). Therefore, the observed increase in left ventricular end-systolic volume during follow-up did not generally lead to severely depressed systolic dysfunction and thus was not paralleled by a high rate of death or hospitalization for heart failure.
The pacing site, according to local or core laboratory assignment did not show any association with outcomes on multivariate analysis. Only the baseline ejection fraction turned out to be an independent determinant of incipient heart failure. This suggests that patients requiring a high percentage of ventricular stimulation and with initial systolic dysfunction are at higher risk of further deterioration; non-RVA pacing seemed unable to prevent this worsening.
Therefore, other pacing strategies should be investigated as alternative approaches to preventing the drawbacks of RVA stimulation.
Our results confirm previous findings [17, 18] , in that we frequently observed new-onset atrial fibrillation in our pacemaker population. Nonetheless, we did not find any association between the incidence of atrial fibrillation and the ventricular pacing site.
The currently adopted approaches to ventricular pacing, RVA and non-RVA, seemed equally feasible. Indeed, we reported few lead-related adverse events, and the pacing parameters were satisfactory in both study groups at the baseline and at the last observation.
Study Limitations.
The main limitation of the present study is the lack of randomization. However, the study was designed in order to obtain an unbiased representation of current clinical practice and to compare two approaches currently adopted as standard procedures at many implanting centers. Moreover, owing to the nonrandomized nature of the study, the groups were very different in size.
Conclusions.
In patients with indications for a dualchamber pacemaker who require a high percentage of ventricular stimulation, the two approaches currently adopted in clinical practice, that is, RVA and non-RVA pacing, resulted in comparable outcome and appeared equally safe.
